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Description 

[0001] The present Invention relates to an encoder- 
decoder, and a CDI^A (Code Division Multiple Access) 
communication system, especially, relates to a CDMA 
encoder-decoder and a CDMA communication system 
in an optical area wherein encoding and decoding of a 
signal can be carried out. 

[0002] Also, this invention relates to a WDM (Wave- 
length Division Multiplexing)-CDMA communication 
system in an optical area wherein a CDMA technique is 
applied to a WDM communication. 
[0003] In an optical CDMA system, It is systematically 
possible to realize random access and self routing op- 
eration by encoding and decoding signals without using 
a component such as an optical switch. Therefore, this 
system can be applicable to an optical l_AN and an op- 
tical switching system. 

[0004] In the conventional art, such a configuration as 
shown in Fig. 20 has been used for an optical CDMA 
system. 

[0005] In Fig. 20, optical pulse sources la-1c and a 
plurality of iattice-form optical circuits 2a-2f are opposed 
via a star coupler 3. Each lattice-form optical circuit in- 
cludes cascaded as many as J (J: natural number) 
asymmetrical Mach-Zehnder interferometers in series 
where optical path length differences are AL, 2iAL..., 
(J==2 in Fig. 20). Each lattice-form optical circuit 
positioned at the left and right side of the star coupler 
corresponds to an encoder and a decoder, respectively. 
[0006] When the coupling coefficients of the direction- 
al couplers 4a-4f in the lattice-form optical circuits 2b 
and 2e are set at 0.5, and a short optical pulse with a 
repetition frequency of f (Hz){f^c/(2JnAL), f=1/Tc, c: light 
speed in a vacuum, n: refractive index of a waveguide, 
Tc: pulse interval} and a pulse width of Tp enters the 
lattice-form optical circuit 2b, as many as 2^ optical pulse 
trains {interval Tr(=n AL7c)} are newly produced in a time 
frame of Tc(=1/f), thus code series are constructed. 
[0007] These code series include phase information 
produced at refractive index control parts (phase shift- 
ers) 5a and 5b in the waveguide of the lattice-fonn op- 
tical circuit 2b. When this encoded optical pulse train 
enters the lattice-form optical circuit 2e, each optical 
pulse is separated into as many as 2^ optical pulses and 
then electric field components of the pulses are coher- 
ently summed up. 

[0008] When the settings of phase shifters 5c and 5d 
in the lattice-form optical circuit 2e satisfy the decoding 
conditions in contrast to phase shifters 5a and 5b, the 
optical power is concentrated in the center of each pulse 
to be decoded. However, when the settings do not sat- 
isfy the decoding conditions, an inputted encoded pulse 
is further spread in the time region and is not decoded. 
[0009] Figs. 21 A to 21 D shows the inputted pulse train 
(shown in Fig. 21 A), the produced code series (shown 
in Fig. 2B) that have passed the encoder in the case of 
J=2, and outputs depending on the setting conditions of 



the decoder (Fig. 21 C: when the decoding conditions 
are satisfied, Fig. 21 D: when the decoding conditions 
are not satisfied). For simplicity, the effects produced by 
a single pulse in the inputted optical pulse train are 
5 shown. 

[0010] Fig. 21 B shows an example when the phases 

of the phase shifters in Fig. 20 are set that (t)a=<t)b=7c, Fig. 
21 C Is an example when (t)C=<t)d=0, and Fig. 21 D is an 
example when (t)c=7i and (t)d=0. Note that (t>a, (|)b, ^c, and 
10 <(>d are phase shift values of the phase shifters 5a, 5b, 
5c, and 5d, respectively. 

(Conventional problem) 

15 [0011] The conventional method described above, 
however, has a problem that side lobe components are 
produced around the decoded optical pulse, and the S/ 
N ratio (Signal to Noise ratio) at the receiver is deterio- 
rated even when the decoding condition is satisfied. 
20 [0012] In addition, in the case of non-decoding, un- 
necessary optical pulses are further produced to dete- 
riorate the S/N ratio of the signal. Namely, it indicates 
that both an auto-correlation and cross-correlation char- 
acteristics as an encoder and a decoder for the CDMA 
25 differ from the ideal condition. 

[0013] Further, an encoded pattern can be decoded 
easily, thus causing a problem on the secrecy of com- 
munication that is one of the merits in the CDMA. 
[0014] This is because the encoder is constructed so 
30 that every pulse having a same frequency component 
is multiplexed in the time region, and then the maximum 
value of multiplexing is limited and a spread factor (bit 
interval(Tc)/chip interval(Tr)) cannot be increased. 
[0015] When an interval and a width of an optical 
35 pulse from an optical pulse source are denoted as Tc 
and Tp, respectively, the maximum spread factor is giv- 
en as [Tc/Tp] ([R] provides an integer that does not ex- 
ceed R, R: a real number). For example, this maximum 
rate is eight when Tc=25psec and Tp=3psec. As a result, 
40 the number of pattems, that encodes phases of a pulse 
to zero or 7C, is limited to 2^ (=256). 
[0016] An object of the present invention is to provide 
a CDMA encoder-decoder and a CDMA communication 
system that can reduce the output levels of an unnec- 
45 essary side lobe component of an decoded optical sig- 
nal pulse and a non-decoded optical signal pulse by in- 
creasing the number of encoding patterns, that is; that 
can improve both an auto-correction and cross-correla- 
tion characteristics, and the secrecy of communication. 
so [0017] Another object of the invention is to provide a 
WDM-CDMA communication system that can decrease 
a wavelength channel interval In a WDM communication 
to improve the efficiency of frequency utilization by ap- 
plying a CDMA encoding-decoding technique to the 
55 WDM communication. 

[0018] The above and other objects, features and ad- 
vantages of the present invention will become more ap- 
parent from the following description of embodiments 
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thereof taken in conjunction with the accompanying 
drawings. 

[0019] Fig, 1 is a block diagram showing the configu- 
ration of an optical CDMA encoder-decoder according 
to a first embodiment of the present invention. 
[0020] Fig. 2 is an illustrative diagram showing a con- 
figuration example of matrix optical switches In Fig. 1 . 
[0021] Fig. 3 Is an illustrative diagram showing anoth- 
er configuration example of the matrix optical switches 
in Fig. 1. 

[0022] Fig. 4 is an illustrative diagram showing the 
configuration example of 2 x 2 optical switches in Figs. 
2 and 3. 

[0023] Figs. 5A and 5B are cross-section showing the 
configuration of waveguides in Fig. 4. 
[0024] Fig. 6 is a block diagram showing the configu- 
ration of an optical CDMA communication system ac- 
cording to a second embodiment of the present Inven- 
tion. 

[0025] Figs. 7A to 7E are Illustrative diagram showing 
the input and output optical pulse train when the optical 
CDMA communication system shown in Fig. 6 is used. 
[0026] Fig. 8 is an illustrative diagram showing the 
configuration of an optical CDMA encoder-decoder ac- 
cording to a third embodiment of the present invention. 
[0027] Fig. 9 is a diagram Illustrating the configuration 
of an optical CDMA encoder-decoder according to a 
fourth embodiment of the present invention. 
[0028] Fig. 1 0 is a block diagram showing the config- 
uration of an optical CDMA encoder-decoder according 
to a fifth embodiment of the present invention. 
[0029] Fig. 11 is an illustrative diagram showing the 
configuration example of a means for reflecting light 
shown In Fig. 10. 

[0030] Fig. 12 Is a block diagram showing the config- 
uration of an optical CDMA encoder-decoder according 
to a sixth embodiment of the present invention. 
[0031] Fig. 13 is a block diagram showing the config- 
uration example of variable delay lines shown in Fig. 1 2. 
[0032] Fig. 1 4 Is a block diagram showing the config- 
uration example of the variable delay lines shown In Fig. 
12. 

[0033] Fig. 15 is a block diagram showing the config- 
uration example of the variable delay lines shown in Fig. 
12. 

[0034] Fig, 1 6 is a block diagram showing the config- 
uration of an optical CDMA encoder-decoder according 
to a seventh embodiment of the present Invention. 
[0035] Fig. 17 Is a block diagram showing the config- 
uration of an optical CDMA encoder-decoder according 
to an eighth embodiment of the present invention. 
[0036] Fig. 18 is a block diagram showing the config- 
uration of an optical WDM-CDMA communication sys- 
tem according to a ninth embodiment of the present in- 
vention. 

[0037] Figs. 19A to 19C are illustrative diagrams 
showing the wavelength assignment in the optical WDM 
system and the WDM-CDMA communication system 



shown in Fig. 18. 

[0038] Fig. 20 is a block diagram showing a conven- 
tional optical CDMA encoder-decoder and optical CD- 
MA communication system. 

5 [0039] Figs. 21 A to 21 D are illustrative diagrams 
showing the Input and output optical pulse train when 
the optical CDMA encoder-decoder and the optical CD- 
MA communication system shown in Fig. 20 is used. 
[0040] Referring now to Figs. 1 to 19, embodiments 

10 of the present Invention will be described below. 

[First Example] 

[0041 ] A first embodiment of the present invention will 
^5 be described below by referring to Figs. 1 to 5. 

[0042] In this example, an optical CDMA encoder-de- 
coder is constructed by connecting a first arrayed- 
waveguide grating, a first matrix optical switch, delay 
lines, a second matrix optical switch, and a second ar- 
20 rayed-waveguide grating in this order. 

[0043] The specific configuration Is explained below 
for detailed explanation. 

[0044] Fig. 1 shows the configuration example of the 
optical CDMA encoder-decoder according to the 
25 present invention. An encoder and a decoder can be 
formed on separate substrates using the configuration 
shown in Fig. 1 . 

[0045] In Fig. 1 , the optical CDMA encoder-decoder 
1 comprises an input part 8, slab waveguides 7a and 
30 7b, arrayed-waveguldes 8. arrayed-wavegulde gratings 
9a and 9b comprised of these slab waveguides and ar- 
rayed-waveguldes, waveguides 1 0a-1 Op, matrix optical 
switches 11a and 11b, delay lines 12a-12h, and an out- 
put part 13. 

35 [0046] The arrayed-wavegulde gratings 9a and 9b 
have functions of a wavelength demultiplexer and mul- 
tiplexer, respectively. In parts where the waveguides are 
connected in parallel, the optical path lengths are set so 
that the lengths are equal each other except the delay 

40 lines 12a-12h. 

(Light source) 

[0047] When a device shown in Fig. 1 is used as an 
45 encoder, a variety of light sources having a wide spec- 
trum bandwidth can be used, that are Inserted into the 
input part 6. For example, a light emission diode (LED), 
a super luminescent diode (SLD), an amplified sponta- 
neous emission (ASE) light source constructed by an 
50 optical fiber amplifier or a semiconductor laser amplifier, 
a supercontinuum (SC) light source, and a short pulse 
laser such as a semiconductor or an optical fiber mode- 
locked laser may be used. 

[0048] Light having a wide bandwidth emitted from 
55 these light sources is modulated with data by an optical 
intensity modulator and then the light Is inserted into the 
input part 6. 
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(Matrix optical switch: Examp!e-1) 

[0049] Fig. 2 shows an example of the matrix optical 
switches 11a and1 1 b constructed using an 8-inputand 
8-output (8 X 8) completely non-blocking configuration, 
assuming that eight frequency components are used. 
[0050] Designated 14a-14h, 15aa-15hh, and 1 6a-16h 
are the Input parts, 2X2 optical switches, and the output 
parts, respectively. 

(Matrix optical switch: Exampie-2) 

[0051] Fig. 3 shows another example of the matrix op- 
tical switches 11a and 1 1 b constructed using an 8 x 8 
completely non-blocking configuration. 
[0052] The configuration shown in Fig. 2 may cause 
loss fluctuation since the number of 2 x 2 optical switch- 
es 15 for connecting route differs depending on the se- 
lection of input and output ports. 
[0053] Namely, in the configuration of Fig. 2, in the 
case of switching when 1 4a and 1 6h are connected, the 
light passes the optical switches 15 eight times If the 
connection route is selected as 14a -> 15ah -> 15bh 
15ch ^ 15dh ^ 15eh 15fh ^ 15gh ^ 15hh -> 16h. 
[0054] Also, in the configuration of Fig, 2, in the case 
of switching when 14a and 1 6a are connected, the light 
passes the optical switches 15 fifteen times if the con- 
nection route is selected as 1 4a ^ 1 5ah 1 Sag -> 1 5af 
— > 15ae -> 15ad — > 15ac 15ab — > 15aa 15ba -> 
15ca^ 15da--> 15ea^ 15fa^ 15ga^ 15ha^ 16h, 
[0055] As described above, in the configuration of Fig. 
2, the number of optical switches 15 differs depending 
on selected connection route. 

[0056] In contrast, In the configuration of Fig. 3, the 
number of optical switches is always eight, regardless 
of the selected connection route. Therefore, the config- 
uration of Fig. 3 has an advantage of providing an equal 
loss in ail selected connection routes between the input 
and output ports. 

[0057] Fig. 4 shows the configuration example of the 
2x2 optical switches 15aa-15hh. 
[0058] This switch comprises waveguides 1 7a-1 7f , di- 
rectional couplers 18a and 18b, and a refractive index 
control part 1 9 of a waveguide. 
[0059] Figs. 5A and B describe the cross-sections A- 
A* and B-B' in Fig. 4, respectively, viewed from the 
waveguides 1 7a and 1 7b in the direction of 1 7e and 1 7f . 
[0060] The optical CDMA encoder-decoder 1 in this 
example and the other examples described later is com- 
posed of a silica glass waveguide. 
[0061] First, SiOg under cladding layers 21a and 21b 
are deposited on Si substrates 20a and 20b by using 
the flame hydrolysis deposition, fslext, the core layer 
connprised of GeOg-doped SiOg glass is deposited and 
the two layers are consolidated using an electric fur- 
nace. Then, the core layer is etched and cores 22a-22d 
are formed using an predetermined waveguide pattern. 
Finally, SiOg over cladding layers 23a and 23b are de- 



posited and are consolidated using an electric furnace 
again. Furthermore, a thin-film heater 24 [used for the 
control of the refractive index (phase) of the waveguide 
based on the thermo-optic effect] and metal intercon- 
5 nection are evaporated on the predetermined over clad- 
ding layer. 

[0062] In Fig. 4, a symmetrical Mach-Zehnder inter- 
ferometer is formed when the lengths of the directional 
couplers 18a and 18b, where two waveguides are ar- 

10 ranged close to each other by several jxm, are adjusted 
so as to provide a coupling coefficient of 0.5 and the 
lengths of the waveguides 1 7c and 1 7d are made equal. 
[0063] Then, when the phase in the refractive index 
control part of waveguide 1 9 is set at zero, the switching 

15 of 1 7a 1 7f and 1 7b -» 1 7e is carried out. On the con- 
trary, when the phase in the index control part of 
waveguide 19 is set at k, the switching of 17a -» 17e 
and 17b -> 17f Is carried out. 

[0064] The other configuration examples of the direc- 
20 tional coupler may be a single symmetrical Mach-Zeh- 
nder interferometer, cascaded symmetrical Mach-Zeh- 
nder interferometers in series, a multi-mode interfer- 
ence coupler (MMI), etc. 
' [0065] As described above, when the light having a 
25 wide spectrum bandwidth emitted from a light source is 
inserted into the encoder or decoder, each spectrum 
component demultiplexed by the arrayed-waveguide 
grating is encoded in the time region by adding a delay 
time difference depending on the wavelength, which is 
30 based on the combination of the matrix optical switch 
and delay lines having different optical lengths. It is pos- 
sible to set the combination of delay time and wave- 
lengths arbitrarily. 

35 [Second Example] 

[0066] A second embodiment of the present Invention 
is explained by referring to Figs. 6 and 7. Explanation of 
the same components and numerals as those described 

40 in Fig. 1 is omitted. 

[0067] In this example, an optical CDMA communica- 
tion system 1 00 is constructed by arbitrarily combining 
optical CDMA encoders and decoders that have been 
described above orwill be referred later, and connecting 

45 an optical multiplexer and demultiplexer, and an optical 
transmission line between these encoders and decod- 
ers. 

[0068] The second embodiment is explained below by 
referring to specific examples. 
so [0069] Fig. 6 shows the configuration example of the 
optical CDMA communication system 100 according to 
the present invention. 

[0070] This system is the optical CDMA communica- 
tion system that is constructed by arbitrarily combining 
55 the optical CDMA encoders and decoders in Fig. 1 and 
in other examples described later. 
[0071] Reference numerals 25a-25c are light sources 
with wide spectrum bandwidth. Reference numerals 
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26a-26o are waveguides. Reference numerals 27a-27c 
are optical intensity modulators. Reference numerals 
28a-28c are optical CDMA encoders. A reference nu- 
meral 29 is a star coupler. Reference numerals 30a-30c 
are optical CDMA decoders. Reference numerals 93a- 5 
93c are photo detectors. 

[0072] Reference numerals 26g-261 Include optical 
transmission lines normally comprised of optical fibers. 
[0073] The operation of the optical CDMA encoders 
and decoders 1 , and the optical CDMA communication 
system 100 having these encoders and decoders are 
explained below. 

[0074] The following explanation assumes that the 
light emitted from the light source having a wide spec- 
trum bandwidth is modulated with data by the optical in- ?5 
tensity modulator and then the light is inserted into the 
Input part 6 in Fig. 1. 

[0075] Further, It is assumed that, for simplicity, the 
light sources with wide spectrum bandwidth 25a-25c 
have the same center wavelengths and spectrum char- 20 
acteristlcs. The light emitted from one light source with 
wide spectrum bandwidth may be divided into three to 
provide three light sources. 

[0076] The light modulated with data by optical inten- 
sity modulators 27a-27c are encoded by the optical CD- 25 
M \ encoders using different codes. Coding is carried 
out when assigning the wavelength components X^Xq 
demultiplexed by the arrayed-waveguide grating 9a in 
Fig. 1 to different delay lines by using the matrix optical 
switch 11a. 30 
[0077] It Is assumed that the interval and width of the 
modulated optical signals that have passed the optical 
Intensity modulators 28a-28c are T and Tm(Tm^T/8), 
respectively, and that the delay lines 12a-12h are ar- 
ranged to be shorter by Lm(Lm = cTm/n) than the neigh- 35 
bor in this order. 

[0078] The optical CDMA encoder 28a at the trans- 
mitter has relation between wavelengths and delay lines 
of Ag, X3, X4, Xe. Xj, Xq) (12d, 12f. 12c,12g. 
12h, 12b, 12a, 12e) Is given, and the optical CDMA en- 40 
coder 28b has relation between wavelengths and delay 
lines of {X^, Xg, X3, X^, X^, X^, X^, Xq) <=>(12h, 12d, 12e, 
12c, 12b, 12g. 12a. 12f). 

[0079] These wavelength components X^Xq are in- 
serted Into the predetermined waveguides 101-1 Op ^5 
through the matrix switch 11b and are multiplexed by 
the arrayed-waveguide grating 9b, and further are sent 
to the star coupler 29 through an output part 13. 
[0080] The optical CDMA decoder 30c at the receiver 
carries out a decoding process that matches with the 50 
coding given by the optical CDMA encoder28a, namely, 
(X^. X2, X3, X4. X5, Xq, Xj, Xq) « (12e, 12c. 12f, 12b, 12a. 
12g, 1 2h, 12d), so as to compensate for the delay time 
dependence on each wavelength given at 28a. 
[0081] Fig. 7A shows the optical pulses that have 55 
passed the optical intensity modulators 27a and 27b, 
Figs. 7B and 7C show those that have passed the optical 
CDMA encoders 28a and 28b. and Figs. 7D and 7E 



show those that have passed the optical CDMA decoder 
30c. For simplicity, the behavior of single pulse In an op- 
tical pulse train is demonstrated. 
[0082] Figs. 7A to 7E indicate that the optical pulses 
sent from 28a are decoded, but optical pluses from 28b 
are further spread at 30c in Fig. 6. This is because that 
each pulse spread caused by the delay time difference 
dependence on wavelength is compensated for by code 
matching, but the delay time difference is further ex- 
panded by the code non-matching. 
[0083] The decoded optical pulses are inserted into 
the photo detectors 93a-93c for data receiving. 
[0084] In the optical CDMA encoder-decoder in Fig. 
1 and other examples described later, assuming that the 
number of employed wavelength components is 1 (I: nat- 
ural number corresponding to the port number of used 
arrayed-waveguide gratings and matrix optical switch- 
es), coding patterns of as many as I! (when a realistic 
number of 1=8 is given, 11=40320.) can be attained. 
[0085] Since the communication system mentioned 
above can provide arbitrary combination of delay time 
and wavelengths, an optical CDMA system can be ob- 
tained where the wavelength components of an optical 
signal arbitrarily change with respect to time. Then it be- 
comes possible to increase the number of coding pat- 
terns and then to improve the p erformance in the optical 
CDMA communication system. 

[Third Example] 

[0088] Then a third embodiment of the present inven- 
tion is described below by referring to Fig. 8. Explanation 
of the same components and numerals as those de- 
scribed above is omitted. 

[0087] In this example, an optical CDMA encoder-de- 
coder Is constructed by connecting an arrayed- 
waveguide grating, a first matrix optical switch, delay 
lines, and a second matrix optical switch in this order, 
where the output parts of the second matrix optical 
switch and either the input or output parts of the arrayed- 
waveguide grating are connected. 
[0088] Specific examples are described below for de- 
tailed explanation. 

[0089] Fig. 8 shows the configuration example of the 
optical CDMA encoder-decoder 1. The CDMA encoder 
and the CDMA decoder are formed on separate sub- 
strates using the configuration shown in Fig. 8. 
[0090] In Fig. 8, the optical CDMA encoder-decoder 
1 comprises an input part 31, arrayed-waveguide grat- 
ing 32, waveguides 33a-33p, matrix optical switches 
34a and 34b, delay lines 35a-35h,and an output part 36. 
[0091 ] The waveguides 33i-33p are connected to the 
unused input ports of the arrayed-waveguide grating 32. 
and one of the unused output ports in 32 is used as the 
output. 

[0092] In the parts where the waveguides are con- 
nected in parallel, the optical path lengths are made 
equal except the delay lines 35a-35h. 
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[0093] The number of arrayed-waveguide gratings 
can be reduced to one in the configuration of Fig. 8, be- 
cause the lights at the waveguides 33l-33p are concen- 
trated to the output part 36 by utilizing the wavelength 
characteristics of the arrayed-waveguide grating. The 
operation as an optical CDMA encoder-decoder is the 
same as that of the second embodiment described 
above. 

[0094] The operation Is the same when the 
waveguides 33l-33p are connected to the unused output 
ports of the arrayed-waveguide grating 32, and one of 
the unused input ports in 32 Is used as the output part. 
[0095] Also, the operation is the same when the 
waveguides 33i-33p are connected to the used Input 
ports (output ports) of the arrayed-waveguide grating 32 
through directional couplers, and one of the used output 
ports (Input ports) In 32 Is used as the output through a 
directional coupler, although the loss is Increased. 
[0096] In this case. If an optical circulator replaces the 
directional coupler, the loss is decreased. The operation 
as an optical CDMA encoder-decoder is the same as 
that of the second embodiment described above. 

[Fourth Example] 

[0097] Now a fourth embodiment of the present inven- 
tion Is explained below by referring to Fig. 9. Explanation 
of the same components and numerals as those de- 
scribed above is omitted. 

[0098] In this example, an optical CDMA encoder-de- 
coder is constmcted by connecting an arrayed- 
waveguide grating, a matrix optical switch, and delay 
lines in this order where the unused end of each delay 
line is connected to either the input or output ports of 
the matrix optical switch, and the unused side ports of 
the matrix optical switch in this connection Is connected 
to either the Input or output ports of the arrayed- 
waveguide grating. 

[0099] Specific examples are described below for de- 
tailed explanation. 

[01 00] Fig. 9 shows the configuration example of the 
optical CDMA encoder-decoder 1 . The CDMA encoder 
and the CDMA decoder are formed on separate sub- 
strates using the configuration shown in Fig. 9. 
[0101] In Fig. 9, the optical CDMA encoder-decoder 
1 comprises an Input part 37, an arrayed-waveguide 
grating 38, waveguides 39a-39p, a matrix optical switch 
40, delay lines 41a-41 h, and an output part 42. 
[0102] Both ends of the delay lines 41a-41 h are con- 
nected to the output ports of the matrix optical switch 40. 
[0103] Unused input ports of the matrix optical switch 
40 are connected to unused output ports of the arrayed- 
waveguide grating 38 using the waveguides 39i-39p, 
and one of the unused input ports in 38 is used as the 
output part. 

[0104] In the parts where the waveguides are con- 
nected in parallel, the optical path lengths are made 
equal except the delay lines 41a-41h. 



[01 05] The number of matrix optical switches and ar- 
rayed-waveguide gratings can be reduced to one In the 
configuration of Fig. 9, because the unused ports of the 
matrix optical switch are effectively util ized and the lights 

5 at the waveguides 39i-39p are concentrated to the out- 
put part 42 using the wavelength characteristics of the 
arrayed-waveguide grating. The operation as an optical 
CDMA encoder-decoder is the same as that of the sec- 
ond embodiment described above. 

10 [0106] The operation is the same when the unused 
ends of the delay lines 41a-41h are connected to the 
Input ports of the matrix optical switch 40, the unused 
output ports of 40 are connected to the unused output 
ports (input ports) of the arrayed-waveguide grating 38, 

15 and one of the unused input ports (output ports) in 38 is 
used as the output part. 

[01 07] Also, the operation Is the same when direction- 
al couplers are set on the used ports for connection, al- 
though the loss Is increased. 
20 [0108] In this case, if an optical isolator replaces the 
directional coupler, the loss is decreased. 

[Fifth Example] 

25 [0109] Now a fifth embodiment of the present inven- 
tion is explained by referring to Figs. 10 and 11 . Expla- 
nation of the same components and numerals as those 
described above is omitted. 

[0110] In this example, an optical CDMA encoder-de- 
30 coder 1 is constructed by connecting an arrayed- 
waveguide grating, a matrix optical switch, delay lines, 
and optical reflectors in this order 
[0111] Specific examples are described below for de- 
tailed explanation. 
35 [0112] Fig. 1 0 shows the configuration example of the 
optical CDMA encoder-decoder 1 . The CDMA encoder 
and the CDMA decoder are formed on separate sub- 
strates using the configuration shown in Fig. 10. 
[0113] In Fig. 10, the optical CDMA encoder-decoder 
40 1 comprises an input part 43, a circulator 44, 
waveguides 45a-45l, an arrayed-waveguide grating 46, 
a matrix optical switch 47, delay lines 48a-48h. optical 
reflectors 49a-49h, and an output part 50. 

4s (Modified exannple 1 ) 

[0114] The other configuration example of the optical 
reflector described in Fig. 11 can be used in Fig. 10. A 
loop-form waveguide can be used as this optical reflec- 
50 tor. 

[0115] Fig. 11 shows the configuration example of the 
optical reflectors 49a-49h. 

[0116] These optical reflectors 49a-49h comprise 
waveguides 51 a-51c (51 a, 51b: input or output part) and 
55 a directional coupler 52. 

[0117] When the coupling coefficient of the directional 
coupler 52 is set at 0.5, the light inserted into 51a is di- 
vided Into two lights with an intensity ratio of 1 :1 that run 
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in the clockwise (reflected at the directional coupler 52) 
and counter-ciockwise (passing through the directionai 
coupler 52) directions. 

[01 1 8] The phase changes of the lights that are re- 
flected by and pass through the directional coupler 52 
are zero and 7t/2, respectively, and the phase changes 
caused by the waveguide 51c are the same regardless 
of circulating directions. As a result, all the lights are out- 
putted at the waveguide 51a. 

(Modified example 2) 

[01 19] It is also possible to reflect light by depositing 
metal films (for example, Au films) or dielectric multilay- 
ered films to the ends of the delay lines 48a-48h. Fur- 
thermore, it is also possible to reflect light by setting a 
bulk-type, a waveguide-type, or an optical fiber grating 
in 48a-48h. 

[0120] In the parts where the waveguides are con- 
nected in parallel, the optical path lengths are made 
equal except the delay lines 48a-48h. 
[01 21] The light is reflected by the optical reflector 49 
and the reflected light passes the same route as that of 
the incident light toward the opposite direction, and fi- 
nally the light is outputted at the waveguide 45a. A 2 x 
2 directional coupler can be used as output part of light. 
But, in this case, the part 50 is used as output using a 
circulator 44 to decrease the loss. 
[0122] Since the light passes the delay lines 48a-48h 
twice, these delay lines are arranged so that the length 
difference from the neighbor differs by Lm/2. The oper- 
ation as an optical CDMA encoder-decoder is the same 
as that described in the second embodiment. 



[Sixth Example] 

[01 23] Now a sixth embodiment of the present inven- 
tion is explained below by referring to Figs. 12 to 15. 
Explanation of the same components and numerals as 
those described above is omitted. 
[01 24] I n this example, the optical CDMA encoder-de- 
coder is constructed by connecting a first arrayed- 
wavegulde grating, variable delay lines, and a second 
arrayed-waveguide grating in this order. 
[01 25] Specific examples are described below for de- 
tailed explanation. 

[0126] Fig. 12 shows the configuration example of the 
optical CDMA encoder-decoder 1 . The CDMA encoder 
and the CDMA decoder are formed on separate sub- 
strates using the configuration shown in Fig. 12. 
[0127] In Fig. 12. the optical CDMA encoder-decoder 
1 comprises an input part 53, arrayed-waveguide grat- 
ings 54a, 54b, waveguides 55a-55p, variable delay lines 
56a-56h, and an output part 57. 

(Modified Example 1) 

[0128] The other configuration example of the varia- 



ble delay lines described in Fig. 13 can be used in Fig. 
12. Cascaded asymmetrical Mach-Zehnder interferom- 
eters in series can be used as the variable delay lines. 
[0129] Fig. 13 shows the configuration example of the 

5 variable delay lines 56a-56h. 

[0130] The variable delay lines 56a-56h are con- 
structed using input waveguides 58a and 58b, 2x2 op- 
tical switches 59-1 to 59-N-f-1(N: natural number), pairs 
of asymmetrical arms 60a-1 to 60a-N and 60b-1 to 60b- 

10 N, and output waveguides 61a and 61b. 

[01 31 ] Either 58a or 58b is used as the input, and ei- 
ther 61a or 61b is used as the output. In this case, the 
optical path length difference AL of the pair of asymmet- 
rical arms 60 is set at AL|sg=2'^"''cTo/n. Various optical 

^5 lengths can be set when changing the switching state 
of the 2X2 optical switch 59, and then the variable delay 
lines can be realized. 

[0132] The variable delay lines are arranged so that 
the optical path length difference becomes larger from 

20 the left to right in Fig. 13, however, the configuration is 
not restricted to this. These interferometers can be ar- 
ranged in any order, that is; the function of variable delay 
lines is independent of the order of the interferometers. 
[0133] The configurations can also be possible that 

25 the optical path length difference in each asymmetrical 
Mach-Zehnd?r interferometer is made equal or interfer- 
ometers having various optical path length differences 
are arbitrarily cascaded. 

[0134] An example using eight wavelength compo- 

30 nents is considered below. 

[0135] Seven interferometers are necessary when all 
optical path length differences are made equal. Howev- 
er, the number of interferometers can be reduced to 
three when interferometers, of which optical path length 

35 differences are increased by a multiple of two, are cas- 
caded. 

[0136] In general, it is possible to construct variable 
delay lines in which interferometers, of which optical 
path length differences are increased by a multiple of 
40 an arbitrary real number, are cascaded. However, only 
a cascade of interferometers, where the optical path 
length differences are increased by a multiple of two, 
can provide the equal delay time difference between the 
neighbor's components. 

45 

(Modified Example 2) 

[0137] The other configuration of the variable delay 
lines described in Fig. 14 can be used in Fig. 12. A mul- 
50 tiplexer and a demultiplexer, that are connectedby a plu- 
rality of delay lines having optical path length differences 
equipped with optical switches, can be used as these 
variable delay lines. 

[01 38] Fig. 14 shows other example of the configura- 
55 tion of the variable delay lines 56a-56h in Fig. 12. 

[01 39] The variable delay lines 56a-56h is construct- 
ed using an input part 62. an optical demultiplexer 63, 
fixed delay lines 64a-64h, waveguides 65a-65x, 2x2 
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optical switches 66a-66h, an optical multiplexer 67, and 
an output part 68. 

[0140] In order to obtain the desired optical path 
length, only one of the lights that have passed 64a-64h 
is controlled so as to enter the optical multiplexer 67, by 
making the lengths of the fixed delay lines 64a-64h dif- 
ferent from each other and by setting one of the 2 x 2 
optical switches 66a-66h to the bar state. 
[0141] The other lights are outputted at 65i-65p and 
are not outputted at the output waveguide 68, because 
the optical switches 66 are in the cross state. 
[0142] As well known, the optical demultiplexer 63 
and multiplexer 67 can take a configuration, such as a 
star coupler, multi-mode interferometer (MMI) coupler, 
cascaded 2 x 2 directional couplers in series, cascaded 
2X2 symmetrical Mach-Zehnder Interferometers in se- 
ries, or cascaded Y-branch waveguides in series. 

(Modified Example 3) 

[0143] Also, the other configuration example of the 
variable delay lines described in Fig. 15 can be used in 
Fig. 12. The variable delay lines is constructed so that 
a plurality of waveguides coupled with a waveguide at 
different positions are multiplexed by an optical multi- 
plexer. 

[01 44] Fig. 1 5 shows other example of the configura- 
tion of the variable delay lines 56a-56h in Fig. 12. 
[0145] The variable delay lines 56a-56h are con- 
structed using waveguides 69a-69l (either 69a or 69b is 
used as the input part). 2X2 optical switches 70a-70h, 
an optical multiplexer 71 , and an output part 72. 
[0146] When light enters the waveguide 69a, only one 
of the 2x2 optical switches 70a-70h is set to the cross 
state and the light passes one of the waveguides 69b- 
691 so as to control the delay time for obtaining a desired 
optical path length, and then the light is Introduced into 
the optical multiplexer 71 . The variable delay lines can 
be fomned in this way. 

[01 47] The following is the explanation of operation of 
the encoder In Fig. 12. 

[0148] The wavelength components X^Xq divided by 
the arrayed-waveguide grating 54a are inserted into the 
variable delay lines 56a-56h described above. By set- 
ting lengths of 56a-56h at different values, encoding Is 
carried out In the same way as that of the second em- 
bodiment described above. 

[0149] These wavelength components Xy7^ are mul- 
tiplexed by the arrayed-waveguide grating 54b and are 
outputted at the output part 57. The outputted optical 
pulses have been spread in the time region by delay 
time difference depending on each wavelength. 
[0150] The operation of the decoder of the configura- 
tion in Fig. 12 is similar to that of the second embodi- 
ment. That is; it Is controlled so that the optical pulse 
spread caused by delay time differences depending on 
the wavelength is recovered when matching conditions 
are satisfied, but the pulse is further spread when the 



matching conditions are not satisfied. 
[0151] In the parts where the waveguides are con- 
nected In parallel in Fig. 12, the optical path lengths are 
made equal except the variable delay lines 56a-66h. 

5 

[Seventh Example] 

[0152] Now a seventh embodiment of the present in- 
vention is explained below by referring to Fig. 16. Ex- 

10 planation of the same components and numerals as 
those described above Is omitted. 
[01 53] In this example, the optical CDMA encoder-de- 
coder is constructed by connecting an arrayed- 
waveguide grating and variable delay lines in this order, 

15 Where the output ports of the variable delay lines are 
connected to either Input or output ports of the arrayed- 
waveguide grating one by one. 
[01 54] Specific examples are described below for de- 
tailed explanation. 

20 [0155] Fig. 16 shows the configuration example of the 
optical CDMA encoder-decoder 1 . The CDMA encoder 
and the CDMA decoder are formed on separate sub- 
strates using the configuration shown in Fig. 16. 
[01 56] In Fig. 1 6, the optical CDMA encoder-decoder 

25 1 comprises an input part 73, an arrayed-waveguide 
grating 74, waveguides 75a-75p, variable delay lines 
76a-76h, and an output part 77. 
[0157] Ends of the delay lines 76a-76h is connected 
to the output ports of the arrayed-waveguide grating 74 

30 through the waveguides 75a-75h, and the other ends 
are connected to the unused input ports of the arrayed- 
waveguide grating 74 through the waveguides 75i-75p. 
One of the unused output ports in the arrayed- 
waveguide grating 74 is used as the output. In the parts 

35 where the waveguides are connected in parallel, the op- 
tical path lengths are made equal except the variable 
delay lines 76a-76h. 

[0158] In the configuration of Fig. 16, the number of 
arrayed-waveguide gratings can be reduced to one, be- 

40 cause the unused ports of the arrayed-waveguide grat- 
ing are effectively utilized using the wavelength charac- 
teristics of the arrayed-waveguide grating. The opera- 
tion as an optical CDMA encoder-decoder Is the same 
as that described in the second embodiment. 

45 [0159] The operation is the same when the unused 
ends of the variable delay lines 76a-76h are connected 
to the unused output ports of the arrayed-waveguide 
grating 74 and one of the unused input ports in 74 is 
used as the output. Also, the operation is the same when 

50 directional couplers are set on the used ports for con- 
nection, although the loss is increased. 
[0160] In this case, if an optical circulator replaces the 
directional coupler, the loss can be decreased. 

55 [Eighth Example] 

[0161] Now an eighth embodiment of the present in- 
vention Is explained below by referring to Fig. 17. Ex- 
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planation of the same components and numerals as 
those described above is omitted. 
[0162] in this example, the optical CDMA encoder-de- 
coder is constructed by connecting an arrayed- 
waveguide grating, variable delay lines, optical reflec- s 
tors in this order. 

[01 63] Specific examples are described below for de- 
tailed explanation. 

[0164] Fig. 17 shows the configuration example of the 
optical CDMA encoder-decoder 1 . The CDMA encoder io 
and the CDMA decoder are formed on separate sub- 
strates using the configuration shown in Fig. 17. 
[0165] In Fig. 1 7, the optical CDMA encoder-decoder 
1 comprises an input part 78, a circulator 79, 
waveguides 80a-80q, an arrayed-waveguide grating 81 , 15 
variable delay lines 82a-B2h, optical reflectors 83a-83h, 
and an output part 84. 

[0166] Light is reflected by the optica! reflector 83, and 
the reflected light passes the same route as that of the 
incident light toward the opposite direction, and then is 
outputted at the waveguide 80a. The configuration, that 
the light is outputted at the output part 84 using the cir- 
culator 79, can decrease the loss, although a 2 x 2 di- 
rectional coupler can be used for the circulator. 
[0167] The means for reflecting light can be a loop- 
form waveguide, deposition of metal or diolectric multi- 
layered film to the waveguide end, or a bulk-type or a 
waveguide-type or an optical fiber grating. 
[0168] Because light passes the variable delay lines 
82a-82h twice. 82a-82h are arranged so that a length 30 
difference from the neighbor differs by Lm/2. The oper- 
ation as an optical CDMA encoder-decoder is the same 
as that described in the second embodiment. 
[0169] In the parts where the waveguides are con- 
nected in parallel, the optical path lengths are made 35 
equal except the variable delay lines 82a-82h. 

[Ninth Example] 

[01 70] Now a ninth embodiment of the present Inven- 40 
tion is explained below by referring to Figs. 18 and 19. 
Explanation of the same component and numerals as 
described above is omitted. 

[0171] In this example, an optical WDM-CDMA com- 
munication system 101 Is constructed so that arbitrary 45 
combination of optical CDMA encoders and decoders 1 
described above is applied to optical WDM communica- 
tion system, and an optical multiplexer and demultiplex- 
er and an optical transmission line are set between the 
encoders and decoders. so 
[0172] In the following, an explanation is provided by 
referring to specific examples. 

[0173] Fig. 1 8 shows the configuration example of the 
optical WDM-CDMA communication system 101 ac- 
cording to the present invention. Figs. 19A and 19B 55 
show the wavelength assignment in usual WDM conn- 
munlcation and in the optical WDM-CDMA communica- 
tion system, respectively. 



[0174] This system is an optical WDM-CDMA com- 
munication system in which ariDitrary combination of the 
optical CDMA encoders and decoders described above 
is applied to the WDM communication system. 
[0175] Reference numerals 85a-85care light sources 
with different center wavelengths. Reference numerals 
86a-860 are waveguides. Reference numerals 87a-87c 
are optical intensity modulators. Reference numerals 
88a-88c are optical CDMA encoders. A reference nu- 
meral 89 is a wavelength multiplexer. A reference nu- 
meral 90 is an optical fiber transmission line. A reference 
numeral 91 is a wavelength demultiplexer. Reference 
numerals 92a-92c are optical CDMA decoders. Refer- 
ence numerals 93a-93c are photo detectors. 
[0176] The operations of the optical CDMA encoder- 
decoder 1 and the optical WDM-CDMA communication 
system employing the encoder-decoder 1 are explained 
in the following. 

[0177] The lights having different wavelength chan- 
nels modulated with data by the intensity modulators 
87a-87c are encoded by the optical CDMA encoders 
88a-88c using different codes. After these wavelengths 
are multiplexed by the wavelength multiplexer 89, they 
pass through the optical fiber transmission line 90, and 
are demultiplexed by the wavelength demultiplexer 91 
at the receiver. Then, these wavelength channels are 
decoded by the optical CDMA decoders 92a-92c using 
codes corresponding to each wavelength. 
[0178] The arrayed-waveguide grating described 
above can be used as the wavelength multiplexer 89 
and demultiplexer 91 . Besides, the Mach-Zehnder-type 
wavelength multiplexer and demultiplexer, where asym- 
metrical Mach-Zehnder interferometers are cascaded in 
series in the tree-form, can also be used. 
[0179] In the usual WDM optical communication sys- 
tem, for example, each wavelength channel is assigned 
so that it has an interval of X' and a bandwidth of as 
shown in Fig. 19A. It is assumed that the channel inter- 
val cannot be made narrower than X' considering cross- 
talk characteristics among wavelengths in order to 
maintain high communication quality. 
[0180] For example, as shown In Fig. 19C, each 
wavelength channel is divided into eight wavelength 
components, and these components are encoded and 
decoded by the optical CDMA encoder and decoder, re- 
spectively, by giving different delay time to the eight 
wavelength components. Each light of which center 
wavelength is Xa, AJd, or Xc is encoded using each dif- 
ferent code. When decoding is carried out using a code 
corresponding to the desired wavelength channel, only 
the light of the desired wavelength channel can be de- 
coded, but the lights of the other wavelength channels 
are further encoded at the optical CDMA decoder. 
Therefore, the effect caused by some crosstalk is re- 
duced at the receiver, and high-quality communications 
can be achieved using the narrower interval than that In 
the usual WDM communication. 
[0181] Namely, in the optical WDM-CDMA communi- 
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cation system ^ each wavelength channel in the optical 
WDM transmission is encoded and decoded using a dif- 
ferent pattern code, and then the capability to identify 
each wavelength channel by the code is improved. 
Therefore, channel assignment intervals In the optical 
WDM communications can be decreased, and the fre- 
quency utilization efficiency can be improved. 
[0182] The waveguides of the optical CDMA encoder- 
decoder 1 above in the embodiments described above 
can be formed using, for example, a dielectric 
waveguide, a semiconductor waveguide, a polymer 
waveguide, or an optical fiber as well as a glass 
waveguide. 

[0183] Also, a hybrid-integrated configuration having 

a combination of several kinds of waveguides can be 
used as the waveguides of the optical CDMA encoder- 
decoder 1. 

[01 84] The phase shifter controls the refractive Index 
of waveguides. For example, the phenomenon that in- 
duces the refractive index change by the thermo-optic 
effect when using the polymer waveguide, the phenom- 
enon that induces the refractive Index change by the 
electro-optic effect when using the dielectric waveguide, 
and the phenomenon that induces the refractive index 
change equivalently by changing the fiber length using 
a piezo-electric element when using the optical fiber, 
can be utilized. 

[0185] As described above, since the optical CDMA 
encoder-decoder is constructed by combining arrayed- 
wavegulde gratings, matrix optical switches, and delay 
lines, or by combining arrayed-waveguide gratings and 
variable delay lines, the present invention can carry out 
encoding process so that a wavelength changes with 
respect to time In the optica! pulse by setting arbitrary 
combination of delay time and wavelengths. 
[01 86] Also, In the present invention, an optical CDMA 
system can be realized where the wavelength compo- 
nents of the optical signal change with respect to time 
and the arbitrary combination of the delay time and 
wavelengths can be attained. As a result, since the 
number of encoding patterns can be increased, an op- 
tical CDMA communication system can be realized 
where the auto-correlation and cross-correlation char- 
acteristics and the secrecy of communication can be Im- 
proved. 

[0187] In addition, in the present Invention, each 
wavelength channel in the optical WDM transmission Is 
encoded and decoded with different patterns by the op- 
tical CDMA encoder-decoder, and as a result, the capa- 
bility to identify each wavelength channel Is improved. 
Therefore, an optical WDM-CDMA communication sys- 
tem can be realized where channel assignment inten/als 
In the optical WDM communication can be made nar- 
rower and then the efficiency of frequency utilization can 
be Improved. 

[0188] The present invention has been described in 
detail with respect to preferred embodiments, and it will 
now be apparent from the foregoing to those skilled In 



the art that changes and modifications may be made 
without departing from the invention in its broader as- 
pect, and it is the intention, therefore, in the apparent 
claims to cover all such changes and modifications as 
5 fall within the true spirit of the invention. 



Claims 

10 1. A CDMA encoder-decoder characterized by com- 
prising: 

a first arrayed-waveguide grating having a plu- 
rality of input and output parts, and Inputting 

15 and outputting a signal; 

a first matrix optical switch having a plurality of 
input and output parts, the Input parts being 
connected to the output parts of said first ar- 
rayed-waveguide grating; 

20 a plurality of delay lines of which ends are con- 

nected to the output parts of said first matrix op- 
tical switch and of which lengths are different 
from each other; 

a second matrix optical switch having a plurality 
25 of Input and output parts, the input parts being 

connected to the other ends of said plurality of 
delay lines; and 

a second arrayed-waveguide grating having a 
plurality of input and output parts, the input 
30 parts being connected to the output parts of 

said second matrix optical switch, and the out- 
put parts outputting the signal. 

2. A CDMA encoder-decoder characterized by com- 
35 prising: 



an an^ayed-wavegulde grating having a plural- 
ity of input and output parts, and Inputting and 
outputting a signal; 

a first matrix optical switch having a plurality of 
input and output parts, the Input parts being 
connected to the output parts of said arrayed- 
waveguide grating; 

a plurality of delay lines of which ends are con- 
nected to the output parts of said first matrix op- 
tical switches and of which lengths are different 
from each other; and 

a second matrix optical switch having a plurality 
of input and output parts, the input parts being 
connected to the other ends of said delay lines; 
wherein the output parts of said second matrix 
optical switch are connected to either the Input 
parts or output parts of said arrayed-waveguide 
grating. 
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3. A CDMA encoder-decoder characterized by com- 
prising: 
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an arrayed-waveguide grating having a plural- 
ity of input and output parts, and Inputting and 
outputting a signal; 

a matrix optical switch having a plurality of input 
and output parts, the input parts being connect- s 
ed to the output parts of said arrayed- 
waveguide grating; and 
a plurality of delay lines of which ends are con- 
nected to the output parts of said matrix optical 
switch and of which lengths are different from io 
each other; 

wherein the other ends of said delay lines are 
connected to either the input parts or output 
parts of said matrix optical switch; and 
the connection side parts of said matrix optical i5 
switch that have not been used for the connec- 
tion to the other ends of said delay lines are 
connected to either the Input parts or output 
parts of said arrayed-waveguide grating. 

20 

A CDMA encoder-decoder characterized by com- 
prising: 

an arrayed-waveguide grating having a plural- 
ity of input and output parts, and inputting and 25 
outputting a sigial; 

a matrix optical switch having a plurality of input 
and output parts, the input parts being connect- 
ed to the output parts of said arrayed- 
waveguide grating; so 
a plurality of delay lines of which ends are con- 
nected to the output parts of said matrix optical 
switch and of which lengths are different from 
each other; and 

optical reflectors connected to the other ends 35 
of said delay lines. 

A CDMA encoder-decoder characterized by com- 
prising: 

40 

a first arrayed-waveguide grating having a plu- 
rality of input and output parts, and inputting 
and outputting a signal; 

a plurality of variable delay lines of which input 
parts are connected to the output parts of said 45 
first arrayed-waveguide grating; and 
a second arrayed-waveguide grating having a 
plurality of input and output parts, the input 
parts being connected to the output parts of 
said variable delay lines. so 

A CDMA encoder-decoder characterized by com- 
prising: 

an arrayed-waveguide grating having a plural- ss 
ity of input and output parts, and inputting and 
outputting a signal; and 
a plurality of variable delay lines of which input 



parts are connected to the output parts of said 
arrayed-waveguide grating; 
wherein the output parts of said variable delay 
lines are connected to either the Input parts or 
output parts of said arrayed-waveguide grating. 

7. A CDMA encoder-decoder characterized by com- 
prising: 

an arrayed-waveguide grating having a plural- 
ity of input and output parts, and inputting and 
outputting a signal; 

a plurality of variable delay lines of which Input 
parts are connected to the output parts of said 
arrayed-waveguide grating; and 
optical reflectors connected to the output parts 
of said variable delay lines. 

8. The CDMA encoder-decoder according to claim 4 
or 7, characterized in that each of said optical re- 
flectors comprises a loop-form waveguide which is 
formed by connecting two portions of one 
waveguide at one position so thatthese portions are 
arranged close to each other. 

9. The CDMA encoder-decoder according to claim s 
or 7, characterized in that each of said optical re- 
flectors is a grating. 

10. The CDMA encoder-decoder according to claim 4 
or 7, characterized in that each of said optical re- 
flectors is a waveguide having a metal ora dielectric 
multilayered film at Its end. 

11. The CDMA encoder-decoder according to any one 
of claims 5 to 1 0. characterized in that said variable 
delay lines comprise one or cascaded asymmetrical 
Mach-Zehnder interferometer(s) (In series) having 
the same optical path length difference(s). 

12. The CDMA encoder-decoder according to any one 
of claims 5 to 1 0, characterized in that said variable 
delay lines comprise cascaded asymmetrical Mach- 
Zehnder interferometers in series and at least one 
of said asymmetrical Mach-Zehnder Interferom- 
eters has an optical path length difference different 
from those of the others. 

13. The CDMA encoder-decoder according to claim 12, 
characterized in that said as many as K (an integer 
equal to or more than two) asymmetrical Mach-Zeh- 
nder interferometers have optical path length differ- 
ences which are 2^ , 22 and 2^-1 times the min- 
imum optical path length difference. 

14. The CDMA encoder-decoder according to any one 
of claims 5 to 1 0; 

characterized in that said variable delay lines 
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comprise a multiplexer and a demultiplexer; 

said multiplexer and demultiplexer are connect- 
ed by a plurality of variable delay lines with dif- 
ferent lengths each other; and 
an optical switch is disposed on each of said 
plurality of delay lines. 

15. The CDMA encoder-decoder according to any one 
of claims 5 to 10; 

characterized in that said variable delay lines 
comprise as many as M (an integer equal to or more 
than two) coupllng-coefficient-vahable directional 
couplers that connect a first single waveguide to as 
many as M waveguides at as many as M different 
positions; and 

said M waveguides are merged Into a second 
single output waveguide by an optical multiplexer 
after being coupled with said first single waveguide. 

16. A CDMA communication system characterized by 
comprising; 

the CDMA encoder-decoder according to any 

one of claims 1 to 15; 

encoders and decoders Including a plurality of 
said CDMA encoders and decoders; and 
means for multiplexing and demultiplexing light 
and a means for transmitting light between said 
encoders and decoders. 
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17. The CDMA communication system according to 
claim 16, characterized in that said encoders and 
decoders comprise an arbitrary combination of a 
plurality of said CDMA encoders and decoders. 



18. A WDM-CDMA communication system character- 
ized by comprising; 

a WDM communication system Including the 
CDMA encoder-decoder according to any one of 40 
claims 1 to 15; 

characterized In that a plurality of said CDMA 
encoders and decoders are used tor encoding and 
decoding each of a plurality of signal wavelengths; 
and 

means for multiplexing and demultiplexing 
light and a means for transmitting light are disposed 
between said encoders and decoders. 

19. The WDM-CDMA communication system accord- so 
Ing to claim 1 8, characterized in that said CDMA en- 
coders and decoders comprise an arbitary combi- 
nation of a plurality of said CDMA encoders and de- 
coders. 
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